Background: Diagnostic radiology by the use of ionizing radiation plays a main contribution in the collective dose of human population. Knowing the radiation dose received by patients during a radiological examination is essential to prevent the excess health risk of exposure. Objectives: The aim of this study was to estimate the collective dose and calculate the cancer risk probability due to common radiological procedures in four radiology imaging centers of Iran. Patients and Methods: Four hundred seventy patients who underwent different radiological examinations including the skull, chest, abdomen, pelvis, lumbar, cervical and thoracic regions in four radiology centers of Hamadan, Iran were studied. The patients' entrance surface dose (ESD) was measured, and eventually, the effective dose (ED) was calculated. These parameters were compared with the reported values and international standard levels. Finally, the risk of cancer was determined by two different methods proposed in international commission on radiological protection (ICRP) 103.
Background
Diagnostic radiology by the use of ionizing radiation plays a main contribution in the collective dose of human population (1, 2) . Knowing the radiation dose received by the patients during radiologic examination is essential in preventing the excess health risk of exposure (3) .
Different parameters are used to determine the effects of radiation and to estimate the risk of cancer (3) . The entrance skin dose (ESD) is the main parameter which determines the patient's dose in diagnostic radiology (3, 4) . This parameter is defined as the absorbed dose in air at the point of intersection of the beam axis with the entrance surface of the patient (5) . ESD can be measured using ion-ization chambers (IC) by the measurement of air kerma and also thermo luminescent dosimeters (TLD) easily fixed directly on the patient's skin (5, 6) .
The next useful parameter is the effective dose (ED), which is affected by patient body structure and the radiological method. Calculation of this quantity is important to provide effective protection to the patients (3, 4, 7, 8) . To calculate the ED, the ESD for each group of patients is used as the input parameter (9) and allowed to calculate ED by the use of constant coefficients reported in the reference tables of ICRP publication report (10) .
It is important to know about these values in common radiological procedures. First, to compare the level of Copyright © 2018, Iranian Journal of Radiology. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited dose delivered to patients in each radiographic examination at a center with the national and international standards, Second, to calculate the average cumulative dose to the population and ultimately, to estimate the health risk arising from these radiations using risk models developed by international commission on radiological protection (ICRP) 103 (7, 11) . It should be noted that these models are mainly based on incidence information from the life span study of Japanese atomic bomb survivor follow -up from 1958 to 1998 (11) .
Although the effects of low dose radiations used in diagnostic procedures are stochastic and quite hard to determine, it is important to investigate these effects due to a large number of people enrolled in radiology procedures (12) .
Objectives
The aim of this study was to calculate the excess risk of radiation in radiological procedures by the use of ICRP 103 proposed models. In this regard, first, the ESD of the patients was measured, in the following, the ED was calculated by the use of mean value of ESD and related constant coefficients proposed in the ICRP protocol (10) . Afterward, these parameters were compared with the reported values in other studies and international standard levels. Eventually, the cancer risk was determined by two different methods proposed in ICRP103 (11).
Patients and Methods

Collection of Data
Data were collected from 473 patients who underwent imaging by different radiographic procedures including the chest, abdomen, pelvis, lumbar region, skull, cervical and thoracic regions in four hospitals led by Hamadan University of Medical Science, Iran. The radiological centers were Besat, Shahid Behesti, Sina and Farshchian Hospital. Patients' information including sex, age, weight, length and radiology technical parameters were also recorded. The possible contributing factors affecting the results of this study were errors in TLDs due to multiple readings, out of calibration, inaccuracies in placement on the patient's body or differences in imaging systems and their settings. It should be noted that the results of comparison of various imaging devices used in this study have already been reported in the previous study conducted by this research team (13).
TLD Dosimeter
Initially, lithium fluoride (LiF: Mg, TL) TLDs (traditional model of GR -200) were annealed and calibrated with Cs -137 source and read using the TLD reader (model 7103, Iran) (13, 14) .
To measure the ESD, the consent form, confirmed by the Ethics Committee on Research, was completed and signed by the patients. Three TLDs were used for each patient. According to Sina et al., for low doses of radiation utilized in radiology procedures, the GR -200 TLDs have better sensitivity compared to TLD-100 (14).
ESD and ED Measurements
TLDs were put on the skin of patient where the x -ray enters the body, on the medial of the field of exposure. Three TLDs were used for each patient, and their mean output was reported as the ESD of each patient in the exposure procedure (3, 7) . Mean ESD for each organ of interest as well as the related constant coefficient were used to determine the ED parameter. ESD and ED measurement method were explained completely in a study performed by this team (13).
Data Analysis
The data were calculated and analyzed using SPSS 14 software (SPSS, Chicago, USA). The mean ESD calculated in each radiographic procedure was compared with the same values reported in national and international studies and also the standard level.
After measuring the ESD, the ED calculated using the conversion coefficients were determined by Monte Carlo procedures (15-17).
Cancer Risk Probability Calculations
To estimate the cancer risk, two procedures that were introduced by ICRP103 were used (7, 11) . The first method is based on the collective effective dose. To estimate the collective effective dose, the average number of individuals exposed commonly per day was determined. To calculate the cancer risk probability, the ICRP 103 proposed Equation 1 is as follows (7): (1) Cancer Risk Probability = 0.05 × Collective Effective Dose
The other radiation risk models developed by ICRP 103 were Excess Relative Risk (ERR) and Excess Absolute Risk (EAR) models. These models were developed for cancer incidence and mortality as a function of sex and age at the time of exposure. For solid cancers, these models involve a linear dose response, allowing the modification of sex and age as follows:
(2)
Where βs (βMale or βFemale) is the sex specific estimates of ERR per Sv, D is the mean organ dose (Sv), e is age at the time of exposure in years and a is considered as the attained age (years). γ and η are constants that are given in ICRP 103 tables. Specific risk coefficients from Table 1 of Wall et al. (11) were used. 
Results
Patients characteristics such as age, weight and length as well as the x -ray machine parameters such as mean tube voltage, current and exposure time, field size and projection posture (anterior -posterior or lateral), field size and focus -detector distance (FDD) are presented in Table 2 . Tables 1 and 3 illustrate the values of the measured ESD and calculated ED, respectively, for each examination in this work with comparison to other studies in Iran and various countries. Table 4 shows the total number of examinations for each test type per year as well as cumulative effective dose and excess cancer risk calculated by Equation 1.
To determine the total lifetime cancer risks for radiology examination as a function of age and sex of the patients, the organ coefficients are determined for specific organs (breast, lung, bladder, colon, liver, thyroid, esophagus and stomach) depending on the age of patients, and the organ doses are determined for examination type (chest, abdomen, pelvic, lumbar region, skull, cervical, and thoracic regions). There is trouble choosing the constant coefficients of organs. For example, the dose of the chest as well as the thoracic region can be used for breast and lung. Therefore, for some patients, both organ doses were used. Abbreviations: AP, anterior -posterior; FDD, focus -detector distance. The results are shown in Tables 5 and 6 for male and female patients as follows.
Discussion
The results of this study showed that the calculated ESD of different organs was greater than those reported in other studies in Iran including Kashan and Mashhad (3, 18) . Nevertheless, these values were lesser than those reported in other parts of Iran, Chaharmahal and Bakhtiari (19) , Shiraz (14) , (20) and Esfahan (7) . It should be noted that the mean ESD of different organs reported in all the other countries shows a wide range and reflects a large standard deviation. Compared to the other countries, the calculated ESDs in this study were greater than that reported in Canada (25) , Serbia (26) and Serbia (28) . The use of a suitable radiographic technique, with appropriate xray tube voltages and sufficient beam filtration is the probable reason for the low doses obtained in these countries in comparison with the others (21) . Other affecting factors are different speed class of filmscreen and the manual exposure control settings used in different countries (21, 31) . The results revealed that the mean chest ESD in this study is higher than the international atomic energy agency (IAEA) level, but for the other organs, the mean ESDs were lower than IAEA standards. 4 Iran J Radiol. 2018; 15(3):e60955. Table 3 shows that the ED in this study was greater than that in other studies for the chest and lumbar region. This amount is in agreement with the IAEA standard level for the chest and other organs, the ED in this study was lower than the mean ED from IAEA level.
The next aim of this study was to estimate the extent of risk on the basis of the EDs calculated for different organs and the annual number of diagnostic x -rays undertaken in Hamadan. Table 4 presents the estimated health risk based on ICRP health risk of 500 cases per 10000 person -Sv (5% per sievert). The results show that the annual total collective dose received by the population in four hospitals in Hamadan in 2016 was 57.67 person -Sv. In a study carried out by Baradaran et al. (7) , it was estimated that in seven hospitals in Isfahan, two cases of health risk (40.18 person -Sv 5 % per sievert) may be attributable to diagnostic X rays due to the chest lateral (LAT) examination and one case (22.30 person -Sv) for chest posterior -anterior (PA) projection which is in total about three cases for chest and skull examinations in year 2011. The results of this project show that one case of health risk (24.16 person -Sv 5 % per sievert) may in the future be attributable to diagnostic X rays due to the abdomen PA examination and one case (26.5 person -Sv) for lumbar PA projection which is in total about two cases for seven examinations in year 2016. Therefore, the risk of cancer due to diagnostic radiology is lower in Hamadan than Isfahan, which is due to the lesser number of patients in Hamadan using radiology examinations. In UK, 0.6% and in the other 13 countries, the range of 0.6 to 1.8% and in Japan, 3% of the cumulative risk of cancer could be related to diagnostic radiology (31) .
Estimating the risk of cancer as a function of age and sex by the ICRP 103 proposed procedures showed that for male patients, the risk of lung and colon cancer due to the absorbed dose from thoracic and pelvic radiological examinations is higher than the others. For female patients, the risks of breast and lung cancer due to thoracic radiology procedures are the highest risk organs. Although thyroid is a radiosensitive organ, the results of this study show that the risk of thyroid cancer is lower than the others. The reference health protection agency (HPA) investigations show that the agreement between the risk estimation and ICRP values is not good for cancers of the red bone marrow and thyroid (11) . It seems there is an agreement between the results of this study and the HPA investigations about the risk of thyroid cancer.
